Title of the Invention D_ 
MICROFLUIDIC DEVICE AND ANALYZING METHOD USING THE SAME 



Background of the Invention and Related Art Statement 
[0001] The invention relates to a microfluidic device of an 
electrophoretic apparatus for analyzing a small quantity of a 
sample at a high speed with a high resolution, and an 
electrophoretic analyzing method using the same. 

[0002] An electrophoretic analysis using a microfluidic device 
has been widely used in a field of biochemistry, molecular 
biology, clinical medical, and analysis of deoxyribonucleic acids 
(hereinafter simply referred to "DNA" ) and proteins. 
[0003] When a small quantity of DNA, protein or the like is 
analyzed, an electrophoresis has been conventionally used. As an 
example of a device, there has been known a capillary 
electrophoretic apparatus. In the capillary electrophoretic 
apparatus, a migration buffer is filled in a glass capillary 
(hereinafter referred to simply "capillary") having an inner 
diameter of less than 100 urn. After a sample is injected into 
one end of the capillary, a high voltage is applied between both 
ends thereof so that a substance to be analyzed travels in the 
capillary. The interior of the capillary has a large surface 
area relative to a capacity, i.e. a high cooling effect. 
Therefore, it is possible to apply a high voltage, so that a 
small quantity of a sample such as DNA can be analyzed at a high 
speed with a high resolution. 

[0004] Recently, instead of the capillary whose handling is 
troublesome, as a device with a high analyzing speed and a small 
size, there has been proposed a microfluidic device, i.e. 
electrophoretic chip device, formed of joined two base plates, as 



disclosed in D. J. Harrison et al . , Science 261 (1993) pp. 895- 
897, and Anal. Chem. Acta 283 (1993) pp. 361-366. 

[0005] An example of the microf luidic device is shown in Figs. 
4 (A) -4(C). The microf luidic device is formed of a pair of 
transparent base plates 1 and 2 generally made of glass, quartz, 
resin or the like. A loading channel 4 and a separating channel 
5, which cross each other, are formed in one base member 2, as 
shown in Fig. 4(B). Reservoirs 3 are formed in the other base 
member 1 as a through-hole at positions corresponding to 
respective both ends of the loading channel 4 and the separation 
channel 5, as shown in Fig. 4(A). The base plates 1 and 2 are 
laminated and joined together, as shown in Fig. 4(C). In the 
conventional microf luidic device described above, the sample is 
basically injected into the channel with a cross injector design 
formed of the loading channel 4 and the separating channel 5 
crossing each other. 

[0006] When such a microfluidic device is used, a migration 
buffer is injected into the loading channel 4 and the separation 
channel 5 from any one of the reservoirs 3. Then, about 1-2 \xl 
(micro liter) of a sample is injected into the reservoir 3 
located at one end of the loading channel 4 . A predetermined 
voltage is applied to plural portions by pinching or the like 
through electrodes inserted into the respective reservoirs 3 or 
electrodes provided to the respective reservoirs 3 in advance, so 
that the sample travels uniformly in the loading channel 4 in an 
electrophoretic manner without going into the separating channel 
5 from a crossing point 6. Accordingly, the sample is guided to 
the crossing point 6 of the loading channel 4 and the separating 
channel 5. 



[0007] Next, the applied voltage is switched to the separating 
channel 5. Also, the voltage is applied to the loading channel 4 
so that the sample is moved in a reverse direction from the 
crossing point 6. Accordingly, only the sample at the crossing 
point 6 is introduced into the separating channel 5 to carry out 
the electrophoretic separation. A detector is disposed at a 
suitable position of the separating channel 5 for detecting a 
separated component . 

[0008] As described above, only the sample present at the 
crossing point 6 is introduced into and separated at the 
separating channel 5. An actual volume of the sample for the 
analysis is only from several pico-liters (hereinafter referred 
to "pi") to several hundreds pi. However, it is necessary to 
inject several |al of the sample into the microfluidic device. 
Therefore, a large quantity of the sample is not used for the 
analysis. The microfluidic device described above is sometimes 
used for analyzing a very expensive sample. Therefore, if the 
analysis requires only a small quantity of a sample, it is 
possible to reduce the running cost. Thus, there has been a 
strong demand for reducing a quantity of a sample. 

[0009] In view of the above problems, the present invention 

has been made, and an object of the invention is to provide a 
microfluidic device having a structure in which it is possible to 
prevent an unnecessary sample from being injected. 

[0010] Further objects and advantages of the invention will be 
apparent from the following description of the invention. 

Summary of the Invention 

[0011] According to the present invention, a microfluidic 
device includes a base member, a separating channel, and a sample 



quantity control channel branching from the separating channel. 
The separating channel has one end extending in a direction to 
project from the base member, and the one end has an opening at a 
forward end thereof to be a sample introduction portion. The 
other end of the separating channel and a forward end of the 
sample quantity control channel have opening and closing 
mechanisms, respectively. A capacity of the sample quantity 
control channel corresponds to a sample quantity to be injected. 
[0012] A sample quantity in a pi level to be injected into the 
separating channel is controlled by the capacity of the sample 
quantity control channel, so that only the controlled sample 
quantity is injected into the separating channel through the 
sample injecting portion. 

[0013] The sample injecting portion is provided at a lower 

surface of the base member. The other end of the separating 
channel and the forward end of the sample quantity control 
channel include openings, respectively. The closing mechanism is 
provided at the opening, respectively. As an example of the 
opening and closing mechanism, a valve may be employed. 
[0014] According to the present invention, an analyzing method 
using the microfluidic device includes the steps of injecting a 
migration buffer into the microfluidic device; injecting a sample 
in a quantity corresponding to a capacity of a sample quantity 
control channel; and applying a voltage between a sample 
injecting portion and one end of the separating channel to 
thereby carry out electrophoresis to separate the injected sample. 



Brief Description of the Drawings 

[0015] Fig. 1 is a perspective view showing a microfluidic 
device according to an embodiment of the present invention; 



Figs. 2(A) and 2(B) are plan views showing a method of 
introducing a sample in the microfluidic device of the invention, 
wherein Fig. 2(A) shows a process of injecting a migration buffer, 
and Fig. 2(B) shows a process of introducing the sample; 

Fig. 3 is a plan view showing an electrophoretic separation 
process in the microfluidic device of the invention; and 

Figs. 4 (A) -4 (C) are views showing a conventional 
microfluidic device, wherein Fig. 4(A) is a plan view showing one 
of base plates, Fig. 4(B) is a plan view showing the other of the 
base plates, and Fig. 4(C) is a side view showing a state where 
both base plates are laminated and joined. 

Detailed Description of Preferred Embodiment 

[0016] Hereunder, embodiments of the invention will be 
explained with reference to the accompanying drawings. Fig. 1 is 
a perspective view showing a microfluidic device of an embodiment 
according to the present invention. 

[0017] A channel is formed in one of a pair of transparent 
base plates made of glass, quart, resin or the like, and both 
base plates are joined to thereby obtain a base member 10. A 
separation channel Cs and a sample quantity control channel Cd 
branching from the separating channel Cs are formed in the base 
member 10. The separating channel Cs has one end with an opening 
at a lower surface side of the base member 10 (left side in the 
drawing) . A cylindrical member 12 is connected to the opening so 
that the separating channel Cs extends to the lower surface side 
of the base member 10. A forward end of the cylindrical member 
12 constitutes a sample injecting portion Inj . 

[0018] The other end of the separating channel Cs includes an 
opening at an upper surface side of the base member 10, and a 



valve Vs as an opening and closing mechanism is disposed at the 
opening. A detecting portion D is situated at a side of the 
other end of the separating channel Cs, and the sample quantity 
control channel Cd branches from the separating channel Cs 
between the detecting portion D and the valve Vs. A forward end 
of the sample quantity control channel Cd is also provided with 
an opening at an upper surface side of the base member 10, and a 
valve Vi as an opening and closing mechanism is provided at the 
opening . 

[0019] The separating channel Cs formed in the base member 10 
has a width of 10-200 |am, a depth of 2-90 \im f and a length of 10- 
100 mm. The cylindrical member 12 has a cylindrical shape with a 
hole having a diameter of 500-5,000 jam. A capacity of the sample 
quantity control channel Cd is designed to be a sample quantity 
actually injected into the separating channel Cs. The valves Vi 
and Vs have structures of diaphragms, respectively. 
[0020] An analyzing method using the microfluidic device 
according to the present embodiment will be explained with 
reference to Figs. 2(A), 2(B) and 3. In Figs. 2(A), 2(B) and 3, 
the microfluidic device is shown schematically. 

[0021] As shown in Fig. 2(A), the valve Vs is opened in a 
state that the valve Vi is closed, and a migration buffer is 
injected through a port of the valve Vs. The migration buffer 
may be injected from the valve Vs side under pressure, or from 
the sample introduction portion Inj under a negative pressure or 
drawing pressure. Since the valve Vi is closed, the migration 
buffer is not introduced into the channel Cd. 

[0022] After the migration buffer is injected into the 
separating channel Cs, as shown in Fig. 2(B), the valve Vs is 
closed. Then, the sample introduction portion Inj is immersed 



into a sample 20, and the valve Vi is opened. At this time, the 
migration buffer in the separating channel Cs is introduced into 
the channel Cd by the capillary phenomenon. Accordingly, the 
sample 2 0 is introduced into the separating channel Cs through 
the sample injecting portion Inj by a volume corresponding to a 
volume of the migration buffer introduced into the channel Cd. 
[0023] When the valve Vi has a tightly sealed structure, the 
migration buffer in the separating channel Cs is also introduced 
into the channel Cd by a volume change corresponding to the 
capacity of the channel when the valve Vi is opened. Reference 
numeral 22 represents a sample introduced into the separating 
channel Cs . 

[0024] After the sample is introduced, as shown in Fig. 3, the 
valve Vi is closed again. Then, the sample injecting portion Inj 
is immersed in a reservoir of the migration buffer 3 0 so that the 
migration buffer is filled in both ends of the separating channel 
Cs, and the valve Vs is opened. Since the migration buffer is 
already injected in the separating channel Cs, both ends of the 
separating channel Cs are filled with the migration buffer. 
[0025] Next, electrodes are inserted into the migration buffer 
at the both ends of the separating channel Cs , respectively, and 
a voltage from a high voltage power supply 32 is applied between 
the both ends of the separating channel Cs to thereby carry out 
an electrophoretic separation. 

[0026] A separation peak can be detected at the detecting 
position D with various methods such as, for example, an optical 
fluorescent detecting method, an ultraviolet light (UV) 
absorption detecting method, a chemical luminescence detecting 
method, and an electrochemical detecting method including a 
working electrode and a sensing electrode. It is also possible 



to ionize the sample at the end of the separating channel Cs with 
an electrospray method, thereby detecting with a mass 
spectrometer . 

[0027] After completion of the analysis, the valves Vi , Vs are 
opened, and the migration buffer is flushed with a pressure from 
the end of the channel Cd. If further cleaning is necessary, the 
migration buffer is injected and flushed again in the same way. 
[0028] According to the present invention, the microfluidic 
device includes the sample quantity control channel branched from 
the separating channel. The capacity of the sample quantity 
control channel is the same as the quantity of the sample to be 
introduced. That is, the capacity of the sample quantity control 
channel defines the quantity of the sample required for the 
separation. Therefore, it is possible to directly introduce a 
very small quantity of the sample into the end portion of the 
separating channel . 

[0029] In the microfluidic device of the invention, it is not 

necessary to apply a voltage in a complicated manner. Further, 
suction or compression pump is not required. In the microfluidic 
device of the invention, a volume change in a sealed space is 
utilized, thereby making the method of introducing the sample 
very simple. Also, it is not necessary to perform the 

electrophoresis for introducing the sample. Therefore, there is 
no influence of an ionic strength of the sample and ionic foreign 
substances in the sample. 

[0030] While the invention has been explained with reference 
to the specific embodiments of the invention, the explanation is 
illustrative and the invention is limited only by the appended 
claims . 
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